In this paper, we review the different studies that developed Computer Aided Diagnostic (CAD) for automated classification of thyroid cancer into benign and malignant types. Specifically, we discuss the different types of features that are used to study and analyze the differences between benign and malignant thyroid nodules. These features can be broadly categorized into (a) the sonographic features from the ultrasound images, and (b) the nonclinical features extracted from the ultrasound images using statistical and data mining techniques. We also present a brief description of the commonly used classifiers in ultrasound based CAD systems. We then review the studies that used features based on the ultrasound images for thyroid nodule classification and highlight the limitations of such studies. We also discuss and review the techniques used in studies that used the non-clinical features for thyroid nodule classification and report the classification accuracies obtained in these studies.
Introduction
About 50% of the adults have thyroid nodules, out of which only 5% turn out to be malignant. It is estimated that in 2013, 60,220 new thyroid cancer cases will occur and the deaths related to thyroid cancer will be about 1,850 (1). It was observed Technology in Cancer Research & Treatment, Volume 13, Number 4, August 2014 that the incidence of thyroid cancer has increased 2.4 times over the last 30 years (2) (3) (4) . This increase is among the largest increase that has happened in any type of cancer (5) . The possibility of incidence of thyroid cancer increases with age (more likely for people with age more than 50 years). Women are twice more likely to be affected by thyroid cancer than men. But once affected, its prognosis is worse for men compared to women. Generally, thyroid cancer manifests as a painless nodule in the thyroid region of the neck. Other possible signs are enlarged lymph node, pain in the anterior region of the neck and voice change due to involvement of recurrent laryngeal nerve. Tests for thyroid nodule diagnosis classify nodules into two main categories: benign and malignant. Colloid nodules, benign cysts, macrofollicular adenoma, and multinodular goiter are benign lesions. Surgical treatment of the nodule is not required in this case unless the nodule enlarges or causes some difficulties (6) .
Thyroid malignancies can occur in different cell types of thyroid gland like thyroid follicular cells, calcitoninproducing C cells, lymphocytes, stromal and vascular elements. Thyroid cancers can be classified into the following important categories: Papillary Thyroid Cancer (PTC), Follicular Thyroid Cancer (FTC), Medullary Thyroid Cancer (MTC) and Anaplastic (or undifferentiated) Thyroid Cancer (ATC) based on their histopathological characteristics. The prognosis of thyroid cancer depends on the type of cancer and the stage of the cancer at the time of diagnosis. PTC is characterized by histological and cytological features such as the presence of psammoma bodies, papillary structures and irregularities in the nuclear contour, and size and the presence of deep nuclear grooves (6) . FTC is commonly seen in iodine-deficient regions accounting for 15% of all thyroid cancers. It is more aggressive compared to PTC. Hurthle Cell Carcinoma (HCC) is a subcategory of FTC. In HCC, oncocytes rich in mitochondria are present, which makes HCCs appear as brown in their cut surface (6) . ATC, which accounts for less than 5% of thyroid cancer, is difficult to cure. Most of the patients usually die within six months of detection of ATC since it is not responsive to treatment. MTC, which is a cancer of the parafollicular cell, accounts for 2-5% of thyroid cancers.
The success of the treatment is higher when cancer is diagnosed at an early stage. If the treatment does not give desirable results, the cancerous part must be removed (thyroidectomy) before the cancer spreads. The sensitive methods to detect thyroid nodules are Fine-Needle Aspiration Biopsy (FNAB), Computed Tomography (CT), Magnetic Resonance Imaging (MRI), Ultrasound (US) imaging, elastography and pathologic studies. FNAB is the gold standard for detecting malignancy in thyroid nodule (7) . The initial objective of the tests is to detect whether any nodules are present in thyroid.
The next task is to check whether the detected nodule is malignant or not. Early detection of thyroid cancer can reduce the possibility of mortality (8) . Given below is a brief description of the two most commonly used detection modalities, namely, FNAB and Ultrasonography.
Fine-needle Aspiration Biopsy (FNAB)
FNAB uses aspiration to obtain cells or fluid from a thyroid nodule mass. Histological examination of tissue specimens are conducted to obtain cytological results. The cytological diagnoses of FNAB can be classified into the following classes: benign (negative for cancer), suspicious for thyroid cancer, indeterminate (follicular or Hurthle cell neoplasm), malignant (positive for cancer) or unsatisfactory (non-diagnostic) (9). Gul et al. (10) found that FNAB has very good capability in evaluating thyroid nodules. They reported sensitivity, specificity, Positive Predictive Value (PPV), and accuracy of FNAB to be 89.16%, 98.77%, 96.10%, and 96.32%, respectively. Colloidal goiter, lymphocytic thyroiditis, Hashimoto thyroiditis, follicular adenoma, Hurthle cell adenoma, nodular goiter, and nodular hyperplasia fall under benign cytology category. Suspicious category comprises of cases of follicular lesion or neoplasm, Hurthle cell lesion or neoplasm, and lesion suspicious for papillary carcinoma. Papillary carcinoma, follicular carcinoma, Hurthle cell carcinoma, medullary carcinoma, and anaplastic carcinoma come under the class of malignant cytology (10) . Suspicious and indeterminate cases have only subtle differences. Indeterminate category implies that the observed cytology is not typical, but a definite diagnosis is not possible cytologically. Generally, 20% of the indeterminate cases turn out to be malignant. Aspirates with an insufficient number of cells for diagnosis fall under the non-diagnostic group (6) . In general, US guided FNA is conducted if the nodule size is smaller than 1.5 cm (6) .
When FNA biopsy of thyroid nodules is conducted, approximately 70% (50% to 90%) are, in general, observed to be benign, approximately 4% (1% to 10%) malignant or suspicious for malignancy, and 10% (5% to 20%) turn out to be non-diagnostic or yielding insufficient material for diagnosis.
For the following two reasons, it is unnecessary to take an invasive and labor intensive test like FNA to initially detect whether a thyroid nodule is malignant or not: (1) only a small percent of the total thyroid nodules have the probability to be malignant. In other words, only 9 to 13% of the thyroid nodules tested using FNAB are labeled as malignant, and (2) the occurrence of indeterminate results for the fine needle aspirations because of the low cellularity, small size and cystic nature of nodules or due to inexperience of the operator performing the FNA test. Ultrasonography This is a non-invasive and inexpensive imaging technique, which provides the image depicting the intranodular architecture of thyroid gland. It does not have any radioactive hazards and it has a short acquisition time. It is also less expensive compared to other imaging techniques like CT and MRI. Technological advancement has led to the development of high-frequency probes. Using these probes, US images with very high resolution can be obtained (5) . Because of its superficial location, the thyroid gland is ideally suited for high-frequency sonography for the detection of non-palpable nodules of thyroid cancer of 2-3 mm size using 7-13 MHz transducer (11) . US images of benign and malignant thyroid nodules have distinguishable sonographic characteristics. Benign nodules show very little internal flow compared to that of malignant nodules (11) . Malignant nodules show the presence of a peripheral ring, while it can be present or absent in a benign module (11) . There are two popular US imaging techniques for thyroid imaging. They are High Resolution Ultrasound (HRUS) and Contrast Enhanced Ultrasound (CEUS). More about these techniques are presented in the following section.
Ultrasonography has some limitations. The reliability of diagnosis depends on factors such as quality of images and the expertise of the ultrasonographers who interpret the images. It is likely for US images to be easily affected by echo perturbations and speckle noise, which interfere with the correct diagnosis. Another point is that different types of benign and malignant nodules have different characteristics on an ultrasound image. Therefore, accurate visual interpretation of the class of these images can only be done by ultrasonographers with lot of experience and training. Otherwise, it results in subjective interpretations and inter-observer variabilities. Such limitations have led to extensive research in developing automated efficient US image analysis techniques called Computer Aided Diagnostic (CAD) systems so as to obtain accurate, reproducible and more objective diagnosis results.
Some CAD studies use sonographic features of thyroid nodule for detection of malignancy. In these studies, features of thyroid nodule such as shape, margin, echotexture, echogenicity, calcification, capture invasion and the nature of its internal content of whether it is solid or cystic are used (12) . Other studies use features that quantify the visual differences in CEUS and HRUS images of benign and malignant nodules by appropriate statistical and data mining techniques and these features are used in classifiers to achieve benign-malignant classification of thyroid nodules. For ease of reference, we will refer to these features as non-clinical features in this paper. Some studies use both the sonographic and nonclinical features for analysis. Figure 1 shows the general flow diagram of a CAD system for thyroid nodule classification. The available dataset is split into training and testing datasets. In the off-line system, several features (sonographic/statistical/both) are extracted from the training images during the feature extraction phase. In the feature selection step, only features that are unique and non-redundant in information are selected and then fed to the classifiers. The classifiers are trained using the selected features and the ground truth of whether the image is benign or malignant (which is determined by the sonographer mostly using biopsy results). The classifier training parameters are applied on the features selected from the test images to predict the class of the test image. Once, several test images are evaluated in such a way, the predicted class labels are compared with the ground truth of the test images to calculate the classifier performance measures like accuracy, sensitivity, specificity, and PPV. The classifier resulting in the best accuracy is then chosen as the optimal classifier for future implementations of the CAD system.
The purpose of US based automated thyroid cancer detection and classification system is to achieve a performance at least comparable to that of the standard FNA biopsy. To achieve equivalent or better accuracies using ultrasound images, the key issue is the proper choice of features, which should be extracted from the US images. Using such automated CAD systems, the detection of thyroid malignancy can be performed by a person without medical expertise. The objective of this paper is to describe the key elements of such CAD systems, namely the features used and the classifiers, and also to review the performance of the thyroid nodule classification CAD frameworks presented in the literature. In this paper, in the Ultrasound image data characteristics and acquisition section, we describe benign and malignant lesion types and HRUS, CEUS image acquisition and characteristics. In the Feature Extraction section, we review the multitude of features that have been used to quantify the subtle changes in benign and malignant ultrasound images. In the Classification section, we review various classification techniques used for the automated detection of thyroid cancer, and we discuss the findings of several ultrasound based CAD systems developed for thyroid nodule classification in From characterization to classifications: current results and limitations section. We then conclude the paper.
Ultrasound Image Data Characteristics and Acquisition
Below are examples of the US images of benign and malignant thyroid nodules (Figures 2 and 3 ).
Benign Lesion Types
• Cystis: The size of benign lesion called cystis is around 3 cm diameter. Lack of homogeneity might be caused by density of fluid (panel A of Figure 2 ). • Nodule 1: This is a small benign lesion, around 1.5 cm in diameter having oval shape and longitudinal axis. The lesion is hypoechogenic, with clear margin, and lacks vascularity and calcifications. • Nodule 2: As above besides an axis, that is untypical, but it occurred a benign lesion. Such hypoechogenic lesions are very deceitful. • Nodule 3a and 3b: This benign lesion is hypoechogenic with poor homogeneity, margins rather clear, vascularity only on margins, shape around 1.5 3 2 cm diameter, axis longitudinal and lacks halo and calcifications. • Nodule 4: This is similar as the above lesion but vascularity is inside the nodule, also smaller size around 1 3 1.5 cm, it occurred benign.
• Nodule 5: This is a relatively big benign isoechogenic nodule, with clear margins. It lacks halo and calcification. Vascularity is also poor. • Nodule 6: Benign lesion, size 3 3 4 cm, clear margin, possesses features of fluid degeneration, lacks halo and calcification, poor vascularity. • Nodule 7: Poor homogenic iso-normogenic, lack of vascularity, unclear margins -there is rather a nonhomogenic iso-normogenic area around 1.5 cm diameter but occurred benign after biopsy.
Malignant Lesion Types
• Thyroid cancer 1a and 1b: Malignant lesion: hypoechogenic, size around 2 3 2 3 3 cm, poor homogeneity, unclear margins, shape untypical with axis transversal to a main axis of thyroid lobe, contains calcifications and deep hypoechogenic areas (possible of necrosis), also lesion vascularity is high. • Thyroid cancer 2: This is also the malignant lesion:
histologically papillary thyroid cancer, not typical to cancerous nodules besides the echogenicity; hypoechogenic nodule and size (around 1.5 3 2 3 1 cm), and margins -partially unclear -could be considered for malignant, but shape (oval), and axis (longitudinal), homogeneity, lack of vascular detection and microcalcifications are so not specific to malignancy. (14) and (17)). images of thyroid cancer affected nodules contain echographic patterns like microcalcifications, hypoechogenicity compared to the surrounding parenchyma, and intranodular vascularization (13) . The echographic patterns for both benign and malignant nodules are found to be different for the HRUS images.
CEUS Data Acquisition
Molinari et al. (14) summarized the CEUS technique, which was based on the injection of 2.5 mL of ultrasound contrast agent, followed by a 3-D imaging of the entire lesion. Operating probe frequency was of the order of about 10 MHz. CEUS images of thyroid cancer affected nodules show predominant ring enhancement for benign lesions and heterogeneous enhancement in malignant lesions (15) . For benign lesions, vascularization is mostly peripheral resulting in enhancement at the border of the lesion in CEUS images. Malignant lesions have rich internal vasculature that manifests in CEUS images as rich internal enhancement in form of a vessel tree with hyperechoic appearance, which is not uniformly distributed in the lesion. Because of this, the enhancement in malignant lesions is termed as heterogeneous.
Feature Extraction
Sonographic Features: These are the features that an endocrinologist observes in US images to detect malignancy in thyroid nodules. A brief description of these features and the respective categories is given below (12) .
• Internal content: This parameter is the ratio of solid and cystic portions in nodule mass. Depending upon the value of this parameter, the nodule can be grouped into five categories as given by Table I below. (14) and (17)).
Table I
Categories of thyroid nodule based on internal content (12) .
Category of nodule
Description of the category
Solid
The nodule is more than 90% solid Predominantly solid The nodule is more than 50% solid Predominantly cystic The nodule is more than 50% cystic Cystic
The nodule is more than 90% cystic Spongiform
More than half of the nodule consists of small and uniform cysts, thus making the nodule look like a sponge.
• Shape: The three categories based on shape are ovoid to round, taller than wide, and the irregular category. • Echogenicity: The echogenicity of the thyroid nodule can be classified into markedly hypoechoic, hypoechoic, isoechoic and hyperechoic. Markedly hypoechoic means the echogenicity of the nodule is less than the strap muscles. Hypoechoic means the echogenicity is less than the surrounding thyroid parenchyma, but greater than the adjacent muscle. Isoechoic implies that echogenicity is same as the thyroid, while hyperechoic means echogenicity is higher than the thyroid. • Calcifications: Calcifications can be classified as microcalcifications, macrocalcifications, rim calcifications and absence of any calcification. The size of the calcium deposit is 1 mm or less in diameter in microcalcifications, while in macrocalcifications, it is greater than 1 mm. Calcification present around the nodule is called rim calcification. Based on these clinical features, radiologists classify thyroid nodules as probably benign, suspicious for malignancy and indeterminate. Sonographic features like microcalcification, an irregular or microlobulated margin, marked hypoechogenicity, and taller than wide shape are possible indications of malignancy (16) .
Textural Features
Examples of textural features are smoothness, coarseness and pixel regularity. Textural analysis can be done either by structural or by statistical methods. For image analysis, statistical analysis methods like entropy, homogeneity, symmetry, contrast, and energy are more suitable and they are less complex (17) . A brief description of different texture based features is given below.
• Texture features from Gray Level Co-occurrence Matrix (GLCM) (18): GLCM is defined over an image as the distribution of co-occurring values at a given offset. The homogeneity feature determined from GLCM measures the similarity between two pixels that are (Δx, Δy) apart. In general, the entropy feature will have a maximum value when all elements of the co-occurrence matrix are the same. • Laws Texture Energy (LTE): This is a measure of texture energy. The energy within the pass region of the filter is estimated by applying the texture energy transforms to the image (21) .
More details of FD, LBP, FSD and LTE features can be found in Acharya et al. (19) , who used these features for thyroid nodule classification.
Vascular Features
Thyroid nodules can be studied by analyzing the vascular parameters derived from preprocessed and skeletonized 3D CEUS images. Some vascular parameters are number of vascular trees (NT), number of branching nodes (or branching points) (NB), vascular density (VD), 2D vascular tortuosity (DM), mean vessel radius (MR), and 3D vascular tortuosity (SOAM) and inflection count metric (ICM). More details about the vascular parameters are given in Molinari et al. (14) .
Discrete Wavelet Transform (DWT) Features
The minute variability present in the gray levels of malignant and benign images can be deciphered using DWT features. Acharya et al. (17, 22) used DWT coefficients for thyroid nodule classification.
Classification: Classifiers learn input observation to classify to belong to a particular class. Usually for classification tasks, supervised learning is preferred. In this type of learning, during the learning step, patterns and the class labels of benign/malignant are fed to assist the classifier train the relationship among them. After learning, unknown test pattern is fed. With the knowledge gained during the learning step, the system will classify the class of the unknown image. We summarize below the most commonly used classifiers that were used in thyroid nodule detection.
• Gaussian Mixture Model (GMM): GMM is a generalized basic function network where the basis functions are Gaussian functions and are merged to provide multimodal density. During the training phase of the GMM, Expectation-Maximisation algorithm is used for tuning the GMM and its performance is evaluated using the test data (23). • Support Vector Machine (SVM): SVM consists of a hyperplane or a set of hyperplanes (according to the number of classes required) in a high dimensional space. Classification is done using hyperplanes. The hyperplane is chosen such that it forms the huge separation between the two classes. In other words, the distance from the hyperplane to the nearest sample on each side is maximized. SVM maps samples as points in a space such that samples belonging to separate classes are divided or separated by a very clear and wide gap (24).
• K-Nearest Neighbor (KNN): KNN classifier is an
instance based classifier where the classification of an unknown sample is performed by relating the unknown to a known sample according to some distance or similarity criteria (25) . Here, a sample is assigned a class which is the most common among its K-nearest neighbors and K is a small positive number. These set of neighbours can be considered as the training samples for this classifier for which correct classification is known. • Probabilistic Neural Network (PNN): In PNN, the operations are organized in a multi-layered feedforward network consisting of four layers. These are the input layer, pattern layer, summation layer, and output layer. Radial Basis Probabilistic Neural Network (RBPNN) is a two-layer radial basis network which can be used for classification purposes (26) . The first layer (radial basis layer) evaluates the distance vector by estimating the distance between input vector and the training input vectors. The next layer (competitive layer) performs a summation of contributions for each input class and yields a vector of probabilities at its output. The maximum probabilities of the test data can be used by the "compete" transfer function to evaluate the unknown class. • Decision Tree (DT) classifier: A decision tree partitions the training set in a recursive way, until each partition contains dominant samples from one class. DT classifier splits a complex decision-making process into simpler decisions and the output is generated as a binary tree-like structure. Many rules for the various classes are evalauted from the tree, and these rules can be used to classify the unknown class (27) . • Adaboost classifier: This is a meta-classifier used for the purpose of improving the performance of weak classifiers (28) . This classifier uses machine learning algorithm, which feeds the input training set to a weak learner algorithm repeatedly. In each of these repetitions, the algorithm maintains and updates a set of weights for the training set. The algorithm starts with keeping all weights to be of the same value. After each call, the weights are updated in such a way that the weights of incorrectly classified examples are increased.
• Naives Bayes Classifier (NBC): This classifier is
based on Bayes theorem and assumes that the presence of a particular feature of a class is unrelated or not dependent on the presence of any other feature. Generally, Naives Bayes model estimates parameters using the method of maximum likelihood (29) .
• Fuzzy Sugeno Classifier: Here, Fuzzy Inference System (FIS) is generated using subtractive clustering. FIS consists of a set of fuzzy rules based on which a feature space is generated during the training phase. To decide the class of test data, fuzzy inference calculations are performed (30) .
The classification efficiency of the classifiers is evaluated by calculating the parameters namely accuracy, PPV, sensitivity and specificity. The classifiers, which show higher value for these parameters, have higher capability and reliability in detecting the nature of the thyroid nodule.
From Characterization to Classification: Current Results and Limitations
Analysis of suitable features extracted out of US images is a non-invasive and affordable way of detecting thyroid malignancy. Many studies have used features of US images for thyroid malignancy detection. It was observed that the characteristics of taller-than-wide shape, marked hypoechogenicity, micro and macrocalcifications, microlobulated or irregular margin, solid pattern and intranodular vascularity, increased blood flow in nodule as indicated by Doppler, local invasion, regional lymphadenopathy and presence of multiple nodules strongly indicate malignancy (10, (31) (32) (33) (34) . Predominantly cystic nodules and cystic and spongiform nodules, having macrocalcifications larger than 1 mm in diameter or rim-like calcifications are generally benign in nature (16) . Iso, hypo or hyperechoic nodules with irregular shape or a shape of ovoid to round with a margin which can be well-defined or ill-defined and having rim calcification can be classified as indeterminate (35) (36) (37) .
There are a number of studies in the literature that use sonographic features for detecting thyroid malignancy. The limitation of such an analysis is the occurrence of inter-and intra-observer variability in the interpretation of results even by experienced medical experts. Park et al. (12) found that the inter-observer agreement was moderate for the features of shape, echogenicity and calcification while the agreement was fair for the features of margin, echotexture and capsule invasion. The average range of sensitivity, specificity, positive predictive value, and negative predictive value were 65.3%-81.9%, 60.7%-68.9%, 69.7%-73.8%, and 66.6%-75.5%, respectively. Hong et al. (16) found that the positive predictive values for malignancy using sonographic features of microcalcifications, microlobulated margin, marked hypoechogenecity, shape of taller than wide are 38.6%, 28.2%, 49.4% and 59.8% respectively. Table II summarizes these studies. As can be seen from Table II , there is a high variability in the ultrasound image characteristics that were used to distinguish between benign and malignant nodules. For example, Kim et al. (38) found that microcalcifications Table II Summary of studies that used clinical and sonographic features to distinguish between benign and malignant thyroid nodules. Méndez et al.
Along with number of nodules, lobes and several features, this study showed that nodule border, shape, hypoechogenicity and presence of microcalcifications were associated with malignancy.
Gul et al.
Reported that FNAB is very good in thyroid nodule classification Jabiev et al.
Reported that hypoechogenicity, irregular borders and microcalcification were associated with differential thyroid cancer.
Stang et al.
 Reported that nuclear imaging and molecular markers can predict thyroid malignancy Park et al. were important for distinguishing Hurthle Cell Neoplasms (HCN) lesions, but they were not considered when thyroglobulin antibody was used as predictor of the risk factor (39) . The same variability is found when ultrasound Doppler parameters were considered. The majority of the studies found that nodular vascularity is linked to malignancy, but the presence of peripheral halo is still questioned (10, 35) .
The relatively high variability in the echographic signs of malignant lesions and the need for better description and interpretation of the image led to the development of more and more complex classification schemes. There are many studies conducted for the classification of thyroid nodules as benign and malignant using statistical and texture based features. These studies differ in input data format, features, methods and classifiers. The purpose of such pattern recognition methods is to evaluate the best computer aided system that can yield highest accuracy of classification in diagnosing benign and malignant classes. A summary of these studies follows and is also consolidated in Table III In our previous study published in 2010 (14), we used image processing methods to the CEUS 3D volumes of malignant and benign lesions, and quantified intranodal vascularity parameters. However, in our later studies (17, 19) , we developed computer aided classification frameworks for the differential diagnosis of thyroid lesions using statistical and texture features extracted from 3D CEUS images which can effectively evidence and quantify microvessels and intranodular vascularity. (19) reported that DWT and texture based features extracted out of 3D US images can result in more than 98% sensitivity, specificity, PPV, and accuracy. Thus, such CAD tools result in performance that is equivalent or better than that of FNAB with the added advantages of being automated, fast, cost-effective, and non-invasive.
Finally, we would like to state that the computer-aided diagnosis of thyroid malignancy is critical to reduce the number of unnecessary thyroid excisions. Mihai et al. (47) showed that the most problematic thyroid lesion is the one classified as THY3 (follicular neoplasm) by FNA biopsy and about one fourths of those with THY3 classification had a thyroid carcinoma. Since these nodules often show HRUS features that correlate to malignancy, they are sent to surgical thyroidectomy. This means that about three fourths of the suspicious patients still undergo a surgical excision that could be avoided. Since the cost associated with the CEUS examination followed by the use of the CAD technique for malignancy detection would be markedly less than the cost of a surgical intervention, such CAD techniques can prove to be more comfortable and cost-effective to patients with suspicious nodules.
Conclusion
FNAB, the gold standard to detect malignancy in thyroid nodule, is an invasive and costly test with risk factors (48) . Visual analysis of ultrasound images is a subjective test resulting in inter-observer variabilities. The sonographic features of benign and malignant are not unique and differ for different types of benign and malignant nodules. Nonclinical features like image texture based and DWT based features, on the other hand, can be automatically extracted from the ultrasound images using computer programs. These features can then be fed to classifiers, which can automatically label the thyroid nodule as benign or malignant. Thus, such completely automated thyroid nodule diagnosis systems can prove to be more objective, fast, and accurate. Cost reduction is also to be considered, because, according to a recent review, the relative costs associated to standard open thyroidectomy are approximately 3000 USD for the surgery and post-surgery care, 1800 USD per day for hospital expenses, and about 800 USD for anesthesia services (57) . Conversely, the cost of the contrast agent is reduced (1 vial of 5 mL is enough for two patients and costs about 120 USD) and the thyroid sonographic examination is no more than 100 USD. In this paper, we presented a brief description of some of the sonographic and non-clinical features, and classifiers that are commonly used in thyroid nodule classification studies. We also reviewed the techniques and accuracies of studies that used both these types of features in classifiers for thyroid nodule classification. It was observed that DWT and texture based features extracted from 3D US images resulted in high thyroid classification accuracy (even as high as 100%) which is equivalent to FNAB performance. Thus, ultrasound based CAD thyroid nodule characterization and automated classification techniques have emerged as potential competitors to FNAB and could be used as adjunct tools to provide the physician with a second opinion on the diagnosed nodules. It must be remembered that the cost associated to thyroid FNAB is varies from 75 USD to 350 USD depending on the study source and whether or not the pathology fees are included. Also, even though complications are rare, they might include pin, bleeding, difficulty in swallowing, infections, and persistent cough.
